The paper deals with engineering education having the focus on research skills as well as experimental based project organised didactic self-learning within the area of design of mechatronic products and systems, in particular intelligent fl uid power components and systems. Experiences with interactive methods for improving of MSc-and PhD-students' research and self-learning competence at the Technical University of Denmark and the Aalborg University are presented and discussed. The didactic approach has two legs: (1) Analysis and IT-modelling of products and systems from day one at the university, and (2) Synthesis with increasing project activities focusing on product development and design engineering, including testing, evaluation and validation. The objective is to educate candidates with highlevel professional engineering skills for research and integrated product development teams working within mechatronics and fluid power in order to make successful business in companies as well as at universities. Most of the projects are in cooperation with companies.
INTRODUCTION
The increasing competition on the world market and the increasing global public demands, requirements and regulations for protection of the environment are driving forces and challenges for improving the development of control and engineering design. Customers continually increase their needs for improved products and more efficient machinery. These demands often focus on extensions of functionality, faster response, operation capability, man-machine interface (MMI), robustness, reliability, and safety-in-use, all integrated in smart user-friendly industrial design. To meet this challenge companies need highly qualified R&D teams as illustrated in Figure 1 , in particular for design and manufacturing of mechatronic products and systems that include fluid power components and systems. The R&D teams need engineers and researchers who have a high level of R&D skills and self-learning competence, and who are capable to manage information technology (IT) with suitable IT-tools and MMI-features. The on-going progress in IT makes it possible to implement more and more of a products functionality in software as illustrated in Figure 2 . Furthermore IT has made the integration of an overall design and manufacturing IT-concept feasible, including IT-tools for 3D analysis and design, controller design, and for intelligent motion control (IMC) that could satisfy customers' needs, requirements, and regulations. Figure 3 illustrates the integrated product development (IPD) model by Mogens Myrup Andreasen and Lars Hein [1] . Figure 4 illustrates a holistic model to describe these interactions and the interoperability. The IPDmodel is an idealised model for product development that is integrated in terms of creation of market, product, and production and that clarifies integration between project and management. An important part of the engineering knowledge base includes descriptions, models, and experiences concerning known products. The objective of the model in Figure 6 is to give an overview and understanding of the control task (or agenda), shown to the left in the figure, with focus on quality, and the nature of control systems, shown to the right. At the bottom of the figure is illustrated the design process based on the Integrated Product Development (IPD) activities starting with the customers' needs to the very left and ending up with the deliverable product to the very right. An important part of the engineering knowledge base includes descriptions, models and experiences concerning known products, including controllers, machines, robots etc. In this context, it is named as knowledge on the `botanics' of control systems. The control aspects are focused on the areas: Man-Machine Interfaces (MMI), safety, sequential control and dynamic control. As shown, the modelling activity for an actual control task relies on the available theories, methodologies and tools to model and describe the behaviour of the product undertaken in the design process. In this context, today's available IT-simulation techniques are very useful for hardware in the loop simulation and rapid prototyping. Design and development of fluid power components and systems by use of smart simulation and IT tools in a concurrent engineering approach following an iterative design process as shown in Figure 7 . 
IT-TOOL CONCEPT FOR CONTROL DESIGN
A company's ability to beat the competitors often depends on the ability to shorten product-development time and reduce design and prototyping costs. Developing a closed-loop control system for fast mechatronic systems is not a simple task. It involves control design with plant modelling and offline simulation as well as real-time simulation to verify the controller's functions in reality. For mechatronic products, machines, robots and systems with a controller, this challenge can be undertaken by using a suitable ITtool concept for controller design based on CACSD (Computer Aided Control System Design) with facility for rapid controller prototyping with hardware-in-theloop (HIL) simulation capability. A feature is the integrated design and rapid prototyping of controllers targeted at Digital Signal Processors (DSPs) or other embedded systems. The high performance and low cost of today's DSPs together with the use of powerful design and programming software, allows engineers to design controllers faster and with lower cost than traditional "custom" controller board designs . DSPs and Alpha processors are a very suitable hardware of choice for design of controllers utilizing the CACSD packages such as Matlab/Simulink, VisSim, Easy5, ACSL, Saber and AMESim. To overcome the disadvantage of the traditional set-up and procedure for controller system design, a novel concept for controller design was developed and implemented at the Department of Mechanical Engineering, DTU as illustrated in Figure 8 . The concept is in use for research as well as for education of MSc-and PhD-students. This concept includes use of DSPs and the dSPACE system, and is very suitable for intelligent motion control of machines and robots. The novel controller design concept integrates the development and design phases into a single design platform. It uses the Matlab Real-Time Workshop to generate C-code automatically from a Simulink block diagram, and then compile it, and download it to the real-time hardware. It can perform all steps of the control design process in one development environment. In a dSPACE system, input/output (I/O) can easily be specified and connected within the Simulink environment. The education of MSc-and PhD-students has focus on improving the students skills of research as well as their self-learning competence in order to educate them to be professional members of R&D teams that work with development and design of mechatronics products and system solutions Figure 11 illustrates how the students project activities in parallel to the technical contents focus on development of the self-learning competence. In order to improve the students' research skills and their business thinking the projects are linked to research projects and programmes as well as project running in cooperation with companies. with product analysis is shown in Figure  13 and a hole group of four is shown in Figure  14 . approach for improving MSc-and PhD-students' research skills as well as experimental based project organised didactic self-learning within the area of design of mechatronic products and systems, in particular intelligent fluid power components and systems. The approach is based on the Integrated Product Development model. Design requirements must therefore contain not only the functional specifications, but all determinative aspects of design, testing of prototypes, manufacturing, marketing and services, use, and destruction and possibilities for recycling. The enterprise must have special attention on today's use and the possibility for future use of smart simulation and IT tool, and strategies for integration, interaction and interoperability between people and teams at different level of the company to improve the products, the knowledge database and the enterprise's competitive edge of making successful business.
